The aim of the study was to determine the demographic types of all small cities in Poland in 2013 and to identify the standards of their spatial diversity. The following questions were posed: Which demographic types are dominant among the small cities of Poland? Is there a relation between a specific demographic type and the size of the city? Does the structure of small cities according to their demographic types relate to their distance from main roads and urban agglomerations? The study applied the Webb's typology, the K. Doi leading element method, the departure from average indicator, and the nonparametric Chi squared test. The spatial regularities were identified based on the created maps.
MISCELLANEA GEOGRAPHICA -REGIONAL STUDIES ON DEVELOPMENT
At the turn of the 20 th and 21 st centuries, several regions of the world experienced strongly diverse population dynamics. Certain countries recorded a growth of demographic potential while others saw a considerable population drop (Fésüs et al. 2008) . The internal demographic processes of the individual countries were also confirmed to be very diverse. The big urban agglomerations usually had high population growth indicator. The growing demographic potential benefited from the concentration of business activity and the well-developed labour market (Duranton & Puga 2004) . Meanwhile, small cities and rural areas were more exposed to the economic crisis and depopulation. This mainly concerned the peripheral areas of the main centres of regional development and communication systems (Brezzi et al. 2011) .
The shrinking population potential entails negative changes to both the demographic structure (e.g. aging of the society, disturbed structure of population according to gender) and the economic structure (e.g. reduced labour reserves, limited industrial development). These changes hamper the sustainable development of the individual administrative entities, especially those of small cities. This not good, because the smallest urban areas play a significant role in establishing the prosperity of not only their population, but the rural community around them as well. These areas host market and non-market services and technical and social infrastructure, which provide for the concentration of the local innovation and production potential (Knox et al. 2009 ). Small urban areas are a crucial part of avoiding rural depopulation and of regional sustainable development and territorial cohesion (Exploring Urban Futures in European Cities… 2011).
The discussion concerning the population changes in Poland often referred to metropolises (Bogacz & Żłobińska 2005; WiniarczykRaźniak & Raźniak 2012) , agglomeration (Górecka & Kozieł 2004) , and medium-sized cities (Runge 2013). The smallest urban units rarely attracted scientific interest. The sparse research in this scope concerned selected cities in specific regions (e.g. Kwiatek-Sołtys 2000 , 2004 eds Bartosiewicz & Marszał 2011) . There are still no studies concerning the demographic trends of the entire group of small urban areas in Poland.
Therefore, the objective of this study is to define the demographic types of all small cities in Poland in 2013 and identify the regularities of their spatial diversity. It attempts to answer the following research questions: 1. Which are the dominating demographic types of small cities in Poland? 2. Is there a relation between a specific demographic type and the size of the city? 3. Does the structure of small cities according to their demographic types relate to their position concerning main roads and urban agglomerations?
The study follows the Central Statistical Office in assuming that small cities are areas with administrative city rights and population under 20 000. Similar assumptions in Polish geographical 
Methods
Several research methods and techniques were applied for the proper realisation of the established objectives. The demographic types of small cities were determined with the Webb's typology, which is based on natural increase rate and migration balance. This typology allows to determine the cause for changes in the population of the analysed cities. 8 demographic types were established and assigned with the letters from A to H. The first four (A, B, C, D) are considered as developmental with growing population, the next four (E, F, G, H) are regressive with dropping population. The individual types have different relations between natural increase and migration balance: A -positive natural increase exceeds negative migration balance, B -positive natural increase exceeds positive migration balance, C -positive natural increase is exceeded by positive migration balance, D -positive migration balance exceeds negative natural increase, E -negative natural increase is not compensated by positive migration balance, F -negative natural increase exceeds negative migration balance, G -negative natural increase does not exceed negative migration balance, H -negative migration balance is not compensated by positive natural increase.
The K Doi procedure was used to define the leading demographic types of the analysed cities. The procedural algorithm covered the following (Runge 2007): -expressing the structures as percentages, -ordering the structures from biggest to smallest, -creating the cumulated series structure, -comparing successive values from the cumulated series with their corresponding critical values presented in the statistical tables.
The elements established as leading were those with their share in the structure exceeding their adequate critical value.
The study also employs the departure from average indicator, the purpose of which is to establish the differences in the structure of small cities according to the demographic types in the subgroups with various population and diverse location and parallel structure defined for the entire group of surveyed settlements.
The indicator is calculated by the following formula:
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Wo -total departure from average indicator, Zt -percentage of the given demographic type in the specific subgroup of small cities (according to size and location),
Zo -percentage share of the given demographic type in the entire group of small cities.
The indicator may have the value lower than, greater than, or equal to 100%. If it is lower than 100%, it means that the percentage share of the specific demographic type in the given subgroup (by size and distance from main roads and urban agglomerations) is lower than that in the structure of the entire group of the surveyed cities. In this case, we are dealing with a deficiency of cities with a specific demographic type. In turn, a departure indicator value greater than 100% indicates the overrepresentation of the cities of a given demographic type. If the indicator is at 100%, the parallel elements of both structures, the city group and subgroups, are identical.
The Chi squared nonparametric test was used to survey the relations between the city sizes expressed in population and the demographic types.
The spatial regularities were identified based on the created maps.
For purposes of surveying the relations between the demographic types of the small cities and their location along roads with considerable international and domestic significance, the surveyed settlements were divided into two subgroups of those located near communication routes (within 5 km) and those distant from them. The physical distance from road corridors is the most natural and simple measure of relations between small cities and various areas. As shown by Veneri and Ruiz (2013) , these relations cover demographic traffic (migrations), access roads, and flows of production factors.
The surveyed settlements were also divided into two subgroups in order to identify the potential impact of urban agglomerations on the population trends of small cities: those located within and beyond the impact zone of agglomerations. It was assumed that the impact zone of agglomerations covers small cities within 30 km of cities with population between 200 thousand and one million (Białystok, Bydgoszcz, Częstochowa, Gdańsk, Gdynia, Kraków, Lublin, Łódź, Poznań, Radom, Szczecin, Wrocław) and within 60 km of cities with population over one million (Warszawa and the Upper Silesian conurbation). The assumed distances approximately correspond to the sizes of the suburban zones (Domański 2001) . The study assumes that the agglomerations and small cities located near them are strongly related (Dijstra & Poelman 2008; Veneri & Ruiz 2013) . A suburban location can favour positive effects such as the spreading of economic and population growth, as well as negative ones, including the flushing of development potential.
The survey of dependencies between the demographic types of the small cities and their distance from main roads and urban agglomerations did not involve statistical tests because of the dichotomous division of the group of the surveyed areas and the lack of normal distribution. For this reason, the spatial regularities were established on the basis of quantitative analysis.
Small city population issues -literature review
The interest of geographers in small cities has been diverse and had two periods of intensification (Dziewoński 1983) . The first was during the 1950s and 1960s, the second was at the turn of the 10 th and 21 st centuries. After World War II, small cities were usually analysed either together with rural areas or with other cities. Many studies analysed population changes by referring to theoretical concepts, including the demographic transfer theory or the prosperity cycle theory (Easterlin 1962) . Plenty of focus was also place on depopulation, determination of the factors causing shrinking population, and the negative consequences of depopulation (Ramsey 1967; Hägerstrand 1957) .
The issues of small city potential transformation were once again addressed in the late 20 th century, when many states of Central and Eastern Europe recorded considerable population drops. The research was dominated by the dichotomous approach, which saw the population changes analysed in light of the coreperiphery theory (Parr 1973; Partridge et al. 2007) . It was generally assumed that the cores (urban regions) presented population growth, while the peripheries (small cities and rural areas) usually experienced population drops. However, the demographic trends within the peripheral areas were also diverse and conditioned by numerous factors. There was a population growth observed in cities located within metropolitan areas ( The intensification of the aforementioned factors was spatially diverse and conditioned by the economic advancement of a given region. In well developed countries, the population processes in small cities were frequently analysed for relation to the growth of labour output in agriculture, which benefited the outflow of the labour force. Such trends were identified in e.g. central Australia (Tonts 1996; Gabriel 2002; Alston 2004) .
In developing countries, the dynamic development of the biggest cities entailed a population outflow from cities dominated by agriculture. The publications analysed the causes and consequences of the shrinking demographic potential and pointed to ways of slowing down the negative transformations (e.g. ed. The depopulation of small cities in Central and Eastern Europe during the system transformations was noted by Glock (2006), Mykhnenko & Turok (2008) , Kamarai (2011 ), Kantor-Pietraga (2014 , Kantor-Pietraga, Krzysztofik & Runge (2012) . These authors indicated that the negative demographic processes were experienced mainly by the smallest industrial urban areas. The restructuring processes accelerating the bankruptcy of numerous workplaces composed a factor beneficial to population outflow.
Small cities within the urban settlement network of Poland
In 2013, there were 686 small cities (with population under 20 thousand) in Poland, which composed approximately 75% of all of the country's cities. They composed over 20% (5 million) of urban population (Tab. 1). Meanwhile, the group of medium, big, and very big cities covered the total of 222 cities with the collective population of 18.3 million. This composed adequately 25% of the total urban areas and almost 80% of urban population (Tab. 1).
The population and functions of the small urban areas were diverse. The smallest city had the population of 906. The surveyed cities were based mainly on agriculture (Bagiński 1998 , Kozłowski 2007 ) and services, including administration, trading, tourism, and health resorts (Heffner 2008) , rarely industrialism (Kachniarz et al. 1996) .
In the analysed year, the size structure of small cities was diverse. The most areas had the population between 2 and 5 thousand. There were 268 of them, which composed almost 40% of the total. They had the collective population of 887.1 thousand, i.e. almost 18% of the total small city population (Tab. 2).
Areas with population between 5 and 10 thousand and areas with population between 10 and 20 thousand had a similar share in the city numbers. The former composed 26.4% of the surveyed group, the latter 27.3%. Considering the population, they composed adequately 25.8% and 54.7% of the total small city population (Tab. 2).
The areas with population under 2 thousand composed the smallest group, as there were 50 of them in 2013, i.e. 7.3% of the total small cities in Poland. Their population was over 80 thousand, or 1.7% of that of the analysed settlement group (Tab. 2).
Demographic types of small cities in Poland
All Webb's demographic types were represented among the small cities in Poland. The regressive ones (E, F, G, H) composed the majority as they covered 78% of the analysed settlements. The remaining 22% of the small cities were classified as progressive (A, B, C, D) (Fig. 1) .
The leading elements in the structure of the analysed settlements were types F, G, and H. The greatest percentage share (33.8%) was composed by urban areas classified as type G. Almost 25% of the small cities represented type H, while 13% represented type F (Tab. 3).
The remaining demographic types of small cities in Poland were not considered as leading elements. They included one regressive type (E) and all progressive types (A, B, C, D) . Type E covered slightly more than 6% of the cities. The most progressive settlements were those of type A (7.9%). Type C presented a lower representation (6.1%) and the smallest group of small cities was composed of type B areas (3.0%) (Tab. 3). Demographic types of small cities compared to their population The survey of the statistical relation between the demographic types and the sizes of the covered cities applied the Chi-squared compliance test. The performed procedures failed to show any statistically relevant relation between the properties. The applied K. Doi procedure identified the leading elements (demographic types) of the individual size groups of the cities. 78% of the smallest urban areas with population under 2 thousand were regressive, while 22% were progressive (Fig. 1) . The leaders were three regressive types (F, G, H) (Tab. 4), which covered the total of 70% of the surveyed centres. The comparison of the small city demographic type structure within this size group with the structure of all surveyed settlements shows that the shares of both the progressive and regressive areas were similar. However, the progressive types demonstrated a great overrepresentation of type D small cities, for which the total departure from average factor was 161.4%. Meanwhile, the regressive type group had a clearly higher share of type F areas than that in the structure of all cities. In this case, the total departure from average indicator was 169.6% (Tab. 4).
Among cities with population between 2 and 5 thousand, 74.2% settlements were deemed regressive and 25.8% were deemed progressive (Fig. 1) . The elements leading the structure were all of the regressive types (E, F, G, H) and the progressive type A (8.2%) (Tab. 3).
The structure's analysis according to the demographic types of this city size group shows that the share of progressive types was slightly higher (total departure from average indicator -117.2%) and the share of regressive ones was lower (95.1%) in relation to the structure of all analysed cities (Tab. 4) Almost 78% settlements with population between 5 and 10 thousand represented regressive types, while progressive types were represented by 22% (Fig. 1) . The leading elements in this size group of the analysed areas were both regressive types (F, G, H -72.4% total) and the progressive type A (11.6%). The demographic structure of this city size group was most similar to the cities in general.
Small areas with population between 10 and 20 thousand had the greatest share of regressive cities, which composed almost 84% of all of the areas analysed within this size class. Therefore, progressive types represented slightly over 16% of such cities (Fig. 1) . The leading elements were two regressive types: G -39.8%, and H -32.3% (Tab. 3). The share of progressive cities in this size group departed considerably from the parallel share in the entire city group. The departure from average indicator was 73.6%. The greatest difference appeared for type A areas, which composed 3.8% of this group and 7.9% in the entire group of small cities (total departure from average indicator -48.3%).
Demographic types of small cities and their distance from main roads
Communication access is commonly considered as one of the most important factors affecting the attractiveness of small city location and settlement. In turn, this attractiveness affects the demographic structures. This is the reason for the attempt to answer the question on if the structure of small cities according to their demographic types relates to their distance from main roads. The city analyses were divided into two groups: those located along communication routes and those located far from them. The first group covered 274 (40%) and the second covered 412 (60%) of the analysed areas.
However, both of the analysed city groups were dominated by regressive type settlements.
Over 75% of the areas located along the assumed communication trails were regressive, almost 25% were progressive. The structure was led by small cities type F and G, followed by type H (Tab. 5; Fig. 2 ).
Almost 80% of the areas located far from domestic and international roads were established as regressive and just over 20% as progressive. The leading settlements of the group were G and H.
The comparison of the demographic type structure of areas located near roads with the structure of all surveyed settlements shows that the share of regressive cities was slightly lower (departure from average indicator -96.3%). It was slightly higher (102.3%) for cities located far from the communication routes covered by the research, but these differences are not significant.
The share of progressive urban areas in the structures of cities located near roads was greater in relation to the share in the entire surveyed group (total departure from average factor -113.2%). The greatest departure from the average for the total surveyed areas (150.8%) was shown by cities classified as type C. The share of progressive areas in cities located far from communication routes in relation of the surveyed settlements was lower (91.8%).
Demographic types of small cities and their location in relation to urban agglomerations
The population processes of small cities should also be examined in relation to their distance from the biggest urban areas. For this purpose, the analysis covered the diverse demographic types of small cities depending on their distance from urban agglomerations and saw the separation of two subgroups: areas located within the impact zone of the country's biggest cities and areas located outside of them. The first subgroup included 118 (17.2%) and the second included 568 (82.8%) of the analysed areas. Both of the surveyed subgroups were dominated by regressive settlements.
Considering small cities located within the impact zone of the agglomerations, almost 60% were regressive, while slightly over 40% were progressive. Their structure was led by both the regressive types G and H and the progressive type C (Tab. 6).
82% of the centres located outside of the impact zones of agglomerations were qualified as regressive and 18% were qualified as progressive. This group was led by type G and H settlements (Tab. 6).
It should be noted that over 32% of the cities qualified as progressive were located in suburban zones. The parallel share of regressive cities was only 13%. This confirms the thesis that location within the impact zones of agglomerations developed positive demographic trends. This was also proven by the results of the analysis of the total departure from average for both of the surveyed city subgroups.
The comparison of the demographic type structure of areas located within the impact zones of agglomerations with the structure of all surveyed settlements showed that the share 
Summary and conclusions
In light of the analyses above, the following can be stated: 1. Small cities play an important role in the Polish settlement system. They compose 3/4 of all urban areas and their inhabitants compose 1/5 of the urban population. This presents the conclusion that their demographic processes have considerable impact on the formation of the domestic population and economic potential. 2. The small cities of Poland in 2013 were represented by all demographic types. They were dominated by regressive types, which were identified in 80% of small cities. The structure was led by type G where the negative natural increase did not exceed the negative migration balance, type H where the negative migration balance was not compensated by positive natural increase, and type F where the negative natural increase exceeded the negative migration balance. The leading elements composed 61.6% of all cities. Only 20% of small cities were qualified as progressive. 3. The main element determining the population trends of small cities was negative migration balance, which was observed in 80% of the surveyed areas. It should also be noted that such migration deficiency was shown by all of the demographic types classified as leading elements. 58% settlements presented negative natural increase. In almost 47% of the analysed cities, the negative migration balance was supported by negative natural increase. Slightly over 9% saw the population determined by the positive migration balance and positive natural increase. The great significance of the negative migration balance in the formation of the population trends of small cities does not project favourably for the future. According to Ravenstein's theory (1885), most emigrants are young, especially women. This entails a dropping birth factor and acceleration of population drop, which in turn reduces the demand for goods and services, limiting the development of enterprises and the social and technical infrastructure. These processes may block the sustainable development of small cities. 4. The performed procedures failed to show any statistically relevant relation between the city sizes and the demographic types. Regardless of the sizes, the leaders were the regressive types G and H with share between 48% for the smallest cities (population under 2 thousand) to 62.1% for the biggest ones (population between 10 and 20 thousand). The leading elements of cities with population between 2 and 5 thousand and 5 and 10 thousand also included the progressive type A, where the negative migration balance was compensated by the positive natural increase. However, the share of such cities failed to exceed 12%. 5. Both small cities located along main roads and those located far from them were dominated by regressive types, which composed 75.1% of the first subgroup and 79.8% of the second one. However, it should be noted that 45% of all progressive cities and 38% of all regressive cities were located near roads, which provides the conclusion that the location of small cities near communication routes has positive effect on the demographic structures of the analysed areas. This was also confirmed by the analysis of total departures from the average. It was established that settlements located along domestic and international roads presented overrepresentation of progressive cities, especially type C, in relation to the entire group of analysed areas. 6. Areas in the impact zones of agglomerations and outside of them were both mostly by regressive, but their share in the cities located in suburban areas was only 58.5% and as high as 82% outside of them. Therefore, the share of progressive areas within the impact zones of urban agglomerations was 41.5% and only 18% outside of them. It is possible to state that the small cities near agglomerations present more positive demographic trends than those in other locations. This was also confirmed by the analysis of total departures from the average. It showed that there was great overrepresentation of progressive types in the subgroup of suburban cities in relation to the entire group of the analysed areas. The greatest overrepresentation was demonstrated by cities classified as types B, C, and D, all of which presented an additional migration balance. Therefore, it is possible to assume that location near agglomerations realises the settlement attractiveness of small cities. 7. The performed analysis provides the conclusion that the size of small cities has only small impact on the population trends. Their main determinant is the distance from agglomerations and main roads. The comparison of the total departure from the average of small cities located along domestic and international roads and in suburban areas confirms the theses that the proximity of big urban areas provides for positive demographic transformations in the analysed settlements more frequently than the neighbourhood of main communication routes. 
